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SUMMARY

Considering the controversy surrounding the exponent of 0.75 for
the prediction of human drug clearance and lack of any systematic
evaluation of the aforementioned proposal, the objective of this study
was to determine whether the exponent 0.75 is indeed the most
suitable exponent for the prediction of human drug clearance as
compared to allometric scaling using the rule of exponents (ROE).
Three methods were used to predict human drug clearance. Besides
evaluating the exponent of 0.75, an arbitrarily selected exponent of
0.65 was also tested. ROE was also used to predict human drug
clearance, and predicted values by all three methods were compared
with observed human drug clearance. The results indicate that the
exponent 0.75 is not the best approach for the prediction of human
drug clearance. Both exponents 0.75 and 0.65 predicted human drug
clearance with uncertainty, although on average the prediction of
human drug clearance by 0.65 was better than the exponent 0.75. ROE
provided far more accurate prediction of human drug clearance than
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either of the exponents. Although exponent 0.75 occasionally
provided a good prediction of human drug clearance for a given drug
for a given species, overall, the method is highly erratic and
unreliable.
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INTRODUCTION

Interspecies scaling is a useful tool for the prediction of pharmaco-
kinetic parameters from animals to humans. With the advent of new
approaches, it is now possible to predict human pharmacokinetic
parameters with greater accuracy than was possible 15-20 years ago.
The allometric approach is based on the power function, as the
pharmacokinetic parameter of interest is plotted against the body
weight from several species. The power function is written as follows:

Y =aw’ 0

where Y is a parameter of interest, a is the coefficient, W is the body
weight and b is the exponent of the allometry.

Equation 1 has been extensively used to predict pharmacokinetic
parameters such as clearance, volume of distribution, and half-life
from laboratory animals to humans. Clearance is probably the most
important pharmacokinetic parameter and can be used for the selection
of first-in-human dose /1,2/. Therefore, it is important that clearance
be predicted in humans from animal data with as much accuracy as
possible.

In 1932, Max Kleiber /3/ investigated the basal metabolic rates in
several species (n = 12) and concluded that the basal metabolic rates
of species are related to body size with an exponent of 0.734 (later
rounded to 0.75 for ease of calculation). In later years, this theory led
to the misconception that the clearance of drugs can be extrapolated
across species with an exponent of 0.75, and Kleiber’s exponent of
0.75 became a classic standard; any argument against it was discarded.

Huesner in 1982 /4/ suggested that the exponent 0.75 in Kleiber’s
equation is a statistical artifact. He pointed out that Kleiber, Brody and
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others assumed that the coefficient (a) of the allometric equation (y =
aM™) was same for all species. He questioned the exponent 0.75 and
suggested that the exponent of mass for a species is 0.67, and the
coefficient of the allometric equation changes from small to large
animals. Feldman and McMahon /5/ dismissed Huesner’s suggestion,
and using Heusner’s data and by re-parameterization of his statistical
model concluded that the exponent of 0.75 is a valid statistical
description to describe the data on the metabolic rates of mammals.

Even today,' after more than 70 years, Kleiber’s exponent of 0.75 to
describe interspecies allometry of metabolic rate and body mass is
widely accepted. In fact, Kleiber’s equation is flawed due to the lack
of sufficient data. According to Hayssen and Lacy /6/, Kleiber used a
very small and unrepresentative subset of animal data. Nine out of 12
species in Kleiber’s data were domestic animals living under artificial
energetic constraints, and there were only three primate species
including human. Furthermore, it should be emphasized that clearance
and basal metabolic rate are two different physiological parameters,
which has not been fully grasped by the advocates of the fixed
exponent of 0.75 for human drug clearance.

The exponent of 0.75 for clearance has been widely debated.
Logically it is difficult to perceive that the exponent of allometry for a
given parameter will revolve around a fixed number. Both the coef-
ficients and the exponents of drug clearances widely vary and are
dependent on the number of species in the scaling. Over the years,
many investigators have shown that the exponent of 0.75 is not
necessarily the best scaling exponent for clearance /7-11/. Nawaratne
et al. /9/ investigated whether lean body mass correlates with hepatic
and renal drug clearance. They found that the relationship between
antipyrine clearance and body size had slopes ranging from 1.16 to
4.09, and the slope between creatinine clearance and body size ranged
from 0.96 to 3.03. The authors suggested that the notion that drug
clearance would be more accurately related to body size with an
exponent of 0.75 requires further investigation.

Glazier /10/ demonstrated that the ‘3/4-power scaling law’ of
metabolic rate is not universal, either within or among animal species.
Significant variation in the scaling of metabolic rate with body mass
has been observed not only for animals but for unicellular organisms
and plants. The author concluded that the “scaling of metabolism is
not the simple result of a physical law, but rather appears to be the
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more complex result of diverse adaptations evolved in the context of
both physico-chemical and ecological constraints”. In a recent paper,
White et al. /10/ maintain that: “The lack of support for a single
exponent model suggests that there is no universal metabolic allo-
metry and represents a significant challenge to any model that predicts
only a single value of b” (b is the allometric exponent).

In two separate studies /12,13/, Mahmood has shown that the fixed
exponent of 0.75 is not the best exponent for the prediction of drug
clearance in children from adult clearance. Mahmood also evaluated
two arbitrary exponents, 0.80 and 0.85, to examine whether indeed
exponent 0.75 predicts drug clearance in children better than two
arbitrarily selected exponents. The results of the study indicated that
all three exponents (0.75, 0.80, and 0.85) produced the same degree of
accuracy or uncertainty in the prediction of clearance in children,
suggesting that the notion that 0.75 is the most suitable allometric
exponent for the prediction of clearance in children is inaccurate.
There were some drugs that were predicted with comparatively more
accuracy by 0.75 than 0.80 or 0.85, and vice versa. It was difficult to
determine a priori which exponent was the most suitable for a given
drug.

It must be recognized that the exponents of allometry have no
physiological meaning, and the exponents of clearance for a given
drug are not universal /14/. The number of species and the conditions
under which a study is designed are detrimental factors for the
coefficient and the exponent of allometric scaling /14/. Although there
has been no systematic study to support the notion that the use of a
fixed exponent of 0.75 predicts drug clearance with accuracy, the view
has nevertheless been widely accepted. Taking into consideration the
controversy surrounding the exponent of 0.75 for the prediction of
human drug clearance, and the lack of any systematic evaluation of the
aforementioned proposal, the objectives of this study were as follows:

e To determine if indeed the exponent of 0.75 is the most suitable
exponent for the prediction of clearance from animals to humans;

e To compare the suitability of 0.75 with an arbitrarily selected
exponent of 0.65 and the rule of exponents.
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METHODS

The clearance values for 29 drugs were selected from the literature
/18-68/. The total number of observations for 29 drugs was 31 because
troglitazone, and metoprolol were given by both IV and oral routes.
The drugs were selected based on the exponents of simple allometry
and varied widely (0.286 to 1.300). The objective for the selection of
drugs with exponents distant from 0.75 was to examine the suitability
of 0.75 in the prediction of human drug clearance. In other words, if
indeed exponent 0.75 is the most suitable exponent then it should
improve the prediction of human drug clearance if the exponents of
allometry are at the lower end, such as below 0.5, and at the higher
end, such as >1. In order to further test the suitability of exponent
0.75, an exponent of 0.65 was arbitrarily selected.

The species used for allometric scaling and the evaluation of
suitability of the exponent 0.75 or 0.65 were mouse, rat, rabbit, dog,
and monkey (guinea pig was the only species for diazepam). The total
number of clearance values for the fixed exponents of 0.75 or 0.65
was 116 (all animal species evaluated). At least three species were
used in the allometric scaling. The following methods were used to
predict clearance in humans and the predicted values were then
compared with the observed human values.

Method I

The clearance in humans was predicted according to the rule of
exponents as described by Mahmood /14,15/. The ‘rule of exponents’
incorporates the maximum lifespan potential (MLP) and ‘brain
weight’ as correction factors in order to improve the predictive
performance of allometry for the prediction of human drug clearance.
The following rules were set by Mahmood and Balian /15/:

o If the exponent of simple allometry (body weight vs clearance) is
within 0.55-0.70, then simple allometry should be used.

o If the exponent of simple allometry lies between 0.71 and 0.99, the
MLP approach should be used.

o If the exponent of simple allometry is >1.0, brain weight is the
suitable approach to predict clearance in humans compared to the
other two methods.
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Since the rule of exponents is not applicable to renally secreted
drugs, a physiological correction factor was used as described by
Mahmood /16/. For biliary excreted drugs, the rule of exponents was
used in association with a physiological correction factor /16/.

Methods II-I11

In these two methods, human drug clearance was predicted either
by the fixed exponent of 0.75 or by an arbitrarily selected exponent
0.65. The following equation was used to predict human drug
clearance:

Predicted human drug CL

= Animal CL*(70/weight of the animal)0 73/063

2

where 70 is human body weight in kilograms.
Statistical analysis

Percent error between the observed and predicted values was
calculated according to the following equation:

% error = [(observed — predicted)* 100]/observed 3)

The precision of the methods was measured by calculating the root
mean square error (RMSE) according to the following equations:

Mean square error (MSE) = Z(predicted — observed)*/n 4)
RMSE = V(MSE) (5)
RMSE was expressed as percent of mean using equation 5:
%RMSE = RMSE*100/mean observed CL 6)
RESULTS

The exponents of the simple allometry in this study ranged from
0.286 to 1.300. The predicted and observed clearance values and
percentage error by allometric scaling and the fixed exponent of 0.75
or 0.65 are summarized in Tables 1 and 2. The results of the study
indicated that the fixed exponent of 0.75 produced substantial error in
the prediction of human drug clearance as compared to allometric
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scaling (at least three species) using proposed correction factors.
Although a fixed exponent of 0.65 gave better prediction of human
drug clearance than the exponent 0.75, the predicted values from
exponent 0.65 were far more erratic than allometric scaling from three
or more species (Tables 1-4). However, it should not be concluded
that 0.75 should be replaced by 0.65 as a fixed exponent. Either of
these values as a fixed exponent is unsuitable for the prediction of
human drug clearance.

The %RMSE for Methods I-III is shown in Table 3. The %RMSE
for allometric scaling was much lower than the fixed exponent of 0.75
or 0.65 against any given species. For example, the %RMSE for
allometric scaling when dog was present as one of the species in
allometric scaling was 23, but when dog clearance data were used for
the prediction of human drug clearance using exponent 0.75 or 0.65,
the %RMSE was 245 and 253, respectively. Further assessment of the
suitability of the methods was done by grouping-the predicted values
according to percentage error (Table 4). The number of predicted
errors were grouped as errors. >100%, 51-99%, <50%, and <30%. For
allometric scaling, there were 20 drugs out of 31 (64.5%) and 26 drugs
out of 31 (83.9%) that were predicted with <30% or <50% error,
respectively. On the other hand, for the exponent 0.75, there were 28
observations out of 116 (24%) and 41 out of 116 observations (35%)
that were predicted with <30% or <50% error, respectively. There
were only two observations which were predicted with >100% error
(two were vertical allometry) by allometric scaling (6.5%), whereas
there were 46 observations which were predicted with >100% error
(39.6%) when the exponent 0.75 was used. There were ten observa-
tions for which the prediction error was >1,000% (8.6%) for the fixed
exponent of 0.75, whereas there was only one observation for allo-
metric scaling (diazepam) when the prediction error was >1,000%
(3.2%).

The exponent 0.65 was less erratic in the prediction of human drug
clearance than the. exponent 0.75. There were 31 observations out of
116 (26.7%) and 57 out of 116 observations (49%) that were predicted
-with <30% or <50% error, respectively. The prediction error >100%
was noted for 30 observations (25.9%) for the exponent 0.65 (Table
4). However, the prediction error remained substantially higher by the
exponent 0.65 than by allometric scaling.
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TABLE 3

Percent root mean square error (RMSE) based on species in the
prediction of human drug clearance

No. of species Allometry Exp 0.75 Exp 0.65

Mouse 18 44 164 121]

Rat 31 23 336 298

Rabbit 13 32 149 115

Dog 31 23 245 253

Monkey 23 22 419 247
DISCUSSION

The notion of a fixed exponent of 0.75 in the prediction of human
drug clearance comes from Kleiber’s original work relating basal
metabolic rate against body weight across several species. The advo-
cates of a fixed exponent of 0.75 in the prediction of human drug
clearance fail to recognize that drug clearance in animals and humans
and basal metabolic rate are two different physiological terms and are
not related to each other. Furthermore, based on the available data. it
is obvious that the exponents of allometry vary widely and do not
revolve around 0.75. Of course, for some drugs (depending on the
species in the scaling) the exponents of allometry for clearance may be
0.75 or close to it, but simple logic dictates that the use of a fixed
exponent of 0.75 for each and every drug is illogical. A systematic
evaluation of exponent 0.75, to determine whether indeed this is the
most suitable exponent to predict human drug clearance, has not been
performed. The current study not only evaluates the predictive per-
formance of a fixed exponent of 0.75 but also evaluates an arbitrarily
selected exponent of 0.65.

One should recognize that the exponents of allometry have no
physiological meaning /14/. The exponents of clearance for a given
drug are not universal and will vary depending on the species and
sample size used in the allometric scaling /14/. Due to the very nature
of the exponents of allometry, it is not surprising that a fixed single
exponent does not predict human drug clearance as accurately as three
or more species allometric scaling. Therefore, the notion that 0.75 is
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TABLE 4

Number of species based on percentage error for the
prediction of human drug clearance

Species Exponents <30 <50 51-99 >100
Mouse (n = 18) 0.75 4 4 4 10
Mouse (n = 18) 065 5 8 6 4
Allometry (n = 18) NA 11 14 2 1
Rat (n = 31) 075 1 7 8 16
Rat (n = 31) 0.65 7 12 10 9
Allometry (n =31) NA 19 25 3 2
Rabbit (n = 13) 0.75 5 5 4 4
Rabbit (n = 13) 0.65 5 8 1 4
Allometry (n = 13) NA 9 11 1 1
Dog (n=131) 0.75 13 15 6 10
Dog (n =31) 0.65 8 17 4 10
Allometry (n = 31) NA 19 25 3 2
Monkey (n = 23) 0.75 5 10 7 6
Monkey (n = 23) 0.65 6 12 7 4
Allometry (n = 23) NA 15 19 3 1

NA = not applicable.

the best exponent for the prediction of human drug clearance is
inaccurate.

The exponent 0.65 appears to predict human drug clearance
slightly better than 0.75. For most of the drugs and in most species in
Table 2 the exponent 0.65 predicted human drug clearance better than
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the exponent 0.75. However, it is difficult to determine a priori which
exponent (0.65 or 0.75) is suitable for a given drug.

Hu and Hayton /17/, by statistical analysis and Monte Carlo
simulation, attempted to characterize uncertainty in the allometric
exponent (b) of xenobiotic clearance. The main objective of their
study was to determine whether the allometric exponent 0.75 was
universal and whether it differed from exponent 0.67. The authors
used 115 compounds in their evaluation. The mean + standard
deviation of the b values was 0.74 £ 0.16 (range: 0.29-1.2). The
authors concluded that their results supported the possibility of the
existence of a universal b value, and the range of values (0.29-1.2)
seen was due to random error in clearance determination. The authors
also found that the mean b value of 0.65 for renally excreted drugs
was statistically different from exponent 0.75 but not 0.67. Based on
95% and 99% confidence intervals (CI), the authors also found that
individual b values did not differ from 0.67 or 0.75. This study by Hu
and Hayton may be statistically sound, but one cannot ignore the
reality and practical aspects of allometric scaling for the prediction of
human drug clearance from animal data. For both 95% and 99% ClI,
the range was so wide that most of the drugs fell into the range of
these CI. Based on such a wide CI, an exponent of 0.95 obtained from
the allometric scaling of three or more species may not be different
from a mean exponent of 0.75, yet for practical purposes these two
exponents are different and will have enormous impact on the predic-
tion of human drug clearance (as seen in this paper). The reality is that
for pharmacokinetic allometric scaling, data from only three to four
species will be available, and one has to utilize these limited data for
the prediction of human pharmacokinetic parameters. Therefore, the
statistical significance or insignificance for b has no practical value,
and the exponent of allometry should be determined for each and
every drug, and that exponent should be used for the prediction of
human drug clearance.

The data in Tables 1-4 provide some insights into the inappro-
priateness and random nature of the fixed exponent 0.75 for the
prediction of human drug clearance:

e Occasionally, for some drugs, good or acceptable predictions (with
acceptable error) were obtained using the exponent 0.75. Such
predictions were, however, species dependent. For example, theo-
phylline clearance was predicted with reasonable accuracy from rat

74



I Mahmood Drug Metabolism and Drug Interactions

(34% prediction error) and rabbit (2% prediction error), but
prediction from dog (65% prediction error) and mouse (234%
prediction error) data was erratic. The prediction error of theo-
phylline was 7% by allometric scaling. Another such example of
the inappropriateness of the use of 0.75 is ceftizoxime. Ceftiz-
oxime clearance was predicted with accuracy from dog (16%
prediction error) but prediction from mouse (280% prediction
error), rat (126% prediction error) and monkey (89% prediction
error) data was highly erratic. The prediction error of ceftizoxime
was 12% by allometric scaling. Overall, this kind of observation
was noted for all drugs.

e Although occasionally for a given drug one may get an accurate
prediction of human drug clearance from a given species by
exponent 0.75, it is difficult to determine a priori which species is
a suitable species to provide a reasonable prediction. For example,
for indinavir, the predicted human drug clearance was 29% from
dog but over 300% from rat and monkey. Thus, the randomness of
the exponent 0.75 in the prediction of human drug clearance is
obvious.

e Diazepam is a drug which follows the concept of vertical allo-
metry. The exponent of allometry for diazepam using rat, guinea
pig, rabbit, and dog was 0.737. However, the application of 0.75
on individual species gave prediction errors of 5,526% (rat),
1,622% (guinea pig), 3,766% (rabbit), and 3,732% (dog). The error
in the predicted clearance of diazepam in humans by allometric
scaling was 1,692%. This further provides evidence that 0.75 is not
a suitable exponent for individual species.

e In the current analysis, besides diazepam, three other drugs, penem
(exponent 0.756), betamipron (exponent 0.742), and napsagtran
(exponent 0.745), were very close to 0.75, yet the prediction error
varied widely. For example, the variability in the prediction error
of penem (from 19-68%; prediction error from allometry 4%),
betamipron (from 2-45%,; prediction error from allometry 5%), and
napsagtran (from 39-441%, prediction error from allometry 35%)
was fairly wide. Had 0.75 been the most suitable exponent, then
one should have obtained a fairly good prediction at least for these
drugs from any species, but this was not the case.
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e For those drugs whose allometric exponent was <0.5 or >1.0, the
prediction error using exponent 0.75 remained erratic. A given
species predicted the clearance of these drugs fairly well but the
prediction error varied widely from species to species leading to
uncertainty in the prediction.

e The prediction of human drug clearance by an arbitrarily selected
exponent of 0.65 (for most of the drugs across species) was com-
paratively better than the exponent 0.75. This clearly demonstrates
that 0.75 is as arbitrary as 0.65. However, one should not assume
that 0.75 should be replaced by 0.65 as a fixed exponent.

e On average, no single species provided better prediction than
allometric scaling when the exponent 0.75 or 0.65 was applied.
The prediction error was substantial for any one species evaluated
in this study when the exponent 0.75 or 0.65 was used.

CONCLUSIONS

The current analysis demonstrates that there is no role for a fixed
exponent in allometric scaling for the prediction of human drug
clearance. Occasionally one may get a fairly good prediction of human
drug clearance for a given drug from a species using a fixed exponent
(0.75 or 0.65), but it is difficult to determine a priori which one is a
suitable species. An appropriate approach is the use of the exponent
obtained from the allometric scaling of >3 species for a given drug. It
should be noted, however, that for the same drug, the exponent of
allometry will vary depending on the number of species used in the
scaling.. In the light of the current study and two previous studies
conducted by Mahmood /12,13/, the use of the fixed exponent 0.75
should also be discouraged to predict drug clearance in children from
adult data. In the case of children, an allometric model for clearance
within a given age group (neonates and infants, children, older

children, or adolescents) should be developed for each and every drug
169/.
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